Hepatic artery (HA) reconstruction remains one of the most difficult procedures in living-donor liver transplantation (LDLT). 
| PATIENTS AND ME THODS

| Patients
Between October 1996 and December 2016, we performed 233 primary LDLTs using the right lobe. We obtained informed consent from each recipient and each donor after approval from the ethics and indications committees at our institution for each LDLT procedure. The study protocol confirmed to the ethical guidelines of the Helsinki Declaration. The patients were treated with previously described surgical techniques. [2] [3] [4] The surgical and patient medical records were retrospectively reviewed.
| Surgical procedures in hepatic artery reconstruction
The graft HAs were reconstructed as described previously. [1] [2] [3] We assessed the donor's arterial anatomy using invasive arteriography at the beginning of the series. This was later replaced by non-invasive, contrast-enhanced computed tomography (CT) angiography. In this study, we selected patient cases with a living donor of the right lobe and with single HA reconstruction with an accurate comparison of size mismatch. Arterial reconstructions were performed under a microscope using microvascular surgical techniques. 1 The HA flow measurement point after reconstruction was located at the donor side approximately 5 mm from the anastomosis point using a flow machine (Transonic HT320, Nihon Kohden, Tokyo, Japan). Vessel diameters were measured as the outer diameter in the recipient and donor HAs. We did not routinely use postoperative anticoagulation.
Adequate arterial blood flow was confirmed using daily Doppler ultrasonography. Follow-up contrast-enhanced CT was used to confirm the patency of reconstructed HAs, and it was performed approximately 7 days after LDLT, any time it was deemed necessary, and every 3-12 months after LDLT, based on the patient's condition.
All HAs (except for one complicated HA described in the Results section) were kept intact and had good patency. The primary candidates for anatomical HA reconstruction for recipients were HAs, such as the left hepatic artery (LHA), the middle hepatic artery (MHA), the right hepatic artery (RHA), and the proper hepatic artery (PHA). If we were unable to confirm sufficient pulsatile HA flow into the entire graft, we attempted to extra-atomically reconstruct the accessory artery with the recipient right gastroepiploic artery (RGEA), for example.
| Study groups
After excluding three patients with dual HA reconstruction, 75 patients where the HA diameter was not measured, and 50 patients where the HA diameter was smaller than 2.5 mm or greater than 3.5 mm, 104 patients who underwent LDLT were divided into two groups: donor HA diameter that was greater than or equal to the recipient HA diameter (D ≥ R group), and donor HA diameter that was smaller than the recipient HA diameter (D < R group). The outcomes of LDLT were compared between these two groups.
| Diagnosis of biliary strictures
An anastomotic biliary stricture (BS) was diagnosed as described below. First, an anastomotic BS was suspected when serum alkaline phosphatase levels were elevated. The patients were diagnosed with anastomotic BSs based on imaging findings, such as endoscopic retrograde cholangiography, magnetic resonance cholangiopancreatography, and percutaneous transhepatic cholangiography. 
| Statistical analysis
| RE SULTS
| Background characteristic of patients in each group
Background characteristics of patients in the two groups were compared, and the results are summarized in Table 1 Table 2 shows the details of the recipient HA used for HA reconstruction in the two groups. There was no significant difference in the distribution of recipient HA use among the two groups (P = 0.06). There was one patient with HA thrombosis (HAT) among 104 patients with primary LDLT using the right lobe (1%). This patient with HAT had HA dissection during surgery, and therefore, the hepatic artery of the right graft was reconstructed using the gastroduodenal artery (GDA). However, on postoperative day 28, the serum aminotransferase levels were abruptly elevated, and angiography revealed no HA flow in the liver. We performed a deceased donor liver transplantation as a rescue measure.
| Recipient and donor HA
| Comparison of reconstructed hepatic artery characteristics between the two groups
The HA diameter, post-reconstruction HA velocity, and portal vein (PV) blood flow are presented in Table 3 . The mean recipient HA diameter in the D ≥ R group (2.9 mm) was significantly smaller than that in the D < R group (3.2 mm, P = 0.002). The mean donor HA diameter in the D ≥ R group (3.1 mm) was significantly greater than that in the D < R group (2.6 mm, P < 0.0001). The mean reconstructed HA flow in the D ≥ R group (176 mL/min) was significantly F I G U R E 1 Schema of the patients comprising the D ≥ R group (donor HA diameter that was greater than or equal to that of the recipient HA diameter; n = 79) and the D < R group (donor HA diameter that was smaller than that of the recipient HA diameter; n = 25). An intraoperative photograph of each group is shown below greater than that in the D < R group (107 mL/min, P = 0.02; Figure 2 ), while there was no significant difference in the mean reconstructed PV flow between the two groups.
| Graft survival after LDLT using the right lobe
Graft survival results after LDLT using the right lobe are shown in 
| Anastomotic biliary stricture-free survival after LDLT using the right lobe
There was a higher incidence of anastomotic BS in the D < R group compared with that in the D ≥ R group (P = 0.022, Figure 4) . The 1-, 3-, and 5-year incidences of anastomotic BS of the D ≥ R group were 12.4%, 16.2%, and 16.2%, respectively, while those of the D < R group were 28.1%, 43.1%, and 43.1%, respectively. Then, the 5-year incidence of biliary stricture when the left, middle, or right HAs were used was 18.5%, 50%, and 19.2%, respectively. There was no significant difference in the biliary stricture rates among the recipient arteries.
| Univariate and multivariate analyses of risk factors for anastomotic biliary stricture after LDLT
There are many reported risk factors for anastomotic BS after liver transplantation. [5] [6] [7] [8] [9] Sixteen of these risk factors for anastomotic BS were compared in 104 patients who underwent LDLT. As shown in Table 4 , hepaticojejunostomy anastomosis and the D < R group were significant risk factors for anastomotic BS in a univariate analysis using a Cox regression test. In our study, the rate of hepaticojejunostomy was 11.5%, and there was no significant difference in the rate of hepaticojejunostomy between the D ≥ R group (10.1%) and the
The multivariate analysis using the Cox regression test revealed anastomosis of the hepaticojejunostomy (P = 0.04) and the D < R group (P = 0.04) to be significant independent risk factors for anastomotic BS.
| D ISCUSS I ON
One cause of hepatic arterial anastomotic failure in LDLT is vessel size mismatch. 3 Almost of all hepatic arterial anastomotic methods used throughout the world involve the end-to-end technique. Values are expressed as mean ± standard deviation. The value ranges were expressed as (minimum value-maximum value).
TA B L E 3
Comparison of characteristics of reconstructed HA in the two groups recipient hepatic artery, we selected patients where the recipient HA had a diameter of 2.5-3.5 mm.
Throughout the world, the recipient RHA is usually selected to reconstruct the anatomical HA for the right graft in LDLT patients.
However, there were several patients whose recipient HAs were larger than those of the donor RHA; the HA flow after reconstruction using these vessels showed flow turbulence and the flow volume tended to be lower compared with grafts with a host artery of similar size. In our study, the mean reconstructed HA flow in the D < R group (107 mL/min) was significantly less than that in the D ≥ R group (176 mL/min). Moreover, we found that the donor RHA became kinked by pushing the larger recipient HA at the anastomosis site. Experimentally, anastomotic patency rates decrease with increasing vessel diameter mismatch. 12, 13 Moreover, when the upstream vessel is smaller, the mismatch may also be dealt with by invagination of the vessel inside the larger downstream vessel to a varying degree. 12,13 Therefore, we would like to clarify the effect of HA mismatch, especially because it is affected by the donor HA diameter, which was smaller than the recipient HA diameter (D < R group) in LDLT using the right lobe graft.
In our series, the short-term complications such as HAT were recognized in one patient who was in the D < R group. Thus, the cause of HAT was not the size mismatch observed during reconstruction, but rather it was that the size mismatch reconstruction had the potential to kink and to decrease HA inflow. In this case, an extra-anatomical artery such as the RGEA should be selected. In the background characteristics, there was a significant difference in the percentage of blood type incompatibility in the D < R group compared with the D ≥ R group. However, blood type incompatibility was not a significant factor in the BS univariate analysis. Moreover, to overcome size mismatch, a small HA diameter difference was handled by cutting an undersized artery obliquely or using the fishmouth technique. A marked HA diameter difference was handled using an end-toside anastomosis, or the funnelization method, indicating that the larger artery can be partially oversewn and anastomosed to the smaller artery in an end-to-end fashion when one artery has a much greater diameter than the other artery. 14 Then, an autoarterial graft is used when arteries are not long enough to reach each other.
Currently, to select the HA harvest site (RHA or LHA, size) preoperatively, we assess the recipient arterial anatomy using contrast-en- To secure a sufficient inflow in the recipient HA, one method is to ligate the splenic artery or gastroduodenal artery. 15, 16 It may also be important to dissect the recipient HA in a meticulous manner to prevent HA injury or dissection, which causes a decrease in the flow volume.
There are several limitations in our study. We present the outer HA diameter in this study. However, the inner HA diameter is a better measure than the outer diameter because the HA thickness may differ in individual arteries, and the diameter of the HA lumen is key for a patent anastomosis. In the future, it is necessary to analyze the HA data using the inner HA diameter. Second, we could not elucidate the impact of a mild mismatch in the HA diameter used for reconstruction on biliary stricture after LDLT. In our study, the cutoff value for the HA mismatch rate that was associated with biliary stricture was calculated using the receiver operator characteristic (ROC) curve method. ROC curve analysis for the HA mismatch rate showed that the optimal HA mismatch rate cutoff was 1.0 (sensitivity, 1; 1 − specificity, 0.78, data not shown). Therefore, the patients were divided into the following two groups: D ≥ R group and D < R group. We need to elucidate the optimal HA mismatch rate, which affects the patency or HA complication rate, in a future study. Third, there was no significant difference in the HA resistive index (RI) between the D < R group and the D ≥ R group.
This may be because the effect of the size mismatch influence on the vessel appears and progresses over time. The influence of RI in patients who have biliary stricture that progresses over time needs to be investigated. The HA flow was also measured just after HA reconstruction, but it may be better to measure the artery flow after bile duct reconstruction because of kinking or redundancy of the reconstructed HA.
In the future, we will investigate better anastomosis sites for the HA and the size and degree of the size mismatch, also considering the vessel size mismatch. Based on the results of our study, we recommend that the recipient HA diameter should be smaller than or equal to that of the donor HA. However, a recipient HA that is too small is not recommended because such a small HA has less HA flow and may cause a HAT. Examination of the optimal HA flow volume may also be necessary.
In conclusion, HA anastomosis where the diameter of the donor HA is smaller than that of the recipient HA might be an independent risk factor for postoperative biliary stenosis after LDLT using the right lobe.
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